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Relative efficiencies of p-terphenyi, sodium salicylate andp-quaterphenyl, as wavelength shifters forxenon proportional scintillation
counters, arereported.

Gas scintillation counters can be of interest in
different fields of nuclear physics. The spectroscopic
information, either on the primary scintillation (no
electric field applied) or on the secondary scintillation
(under theinfluence ofan electric field) is rather poor') .
Nevertheless, the possibility of distinguishing widely
different radiations, for exant0le gamma rays and
fission fragments, through the spectral distribution of
its scintillations seems to arise'). On the other hand, if
the energy resolution is the importantparameterahigh
light output is essential.

Recent work with axenon proportional scintillation
counter (Xe PS countery has shown that it features a
good energy resolution ; for example, full widths at half
maximum of 500 eV and 100 eV are obtained for
5.9 keV3) and 277eV °), respectively. Detector capa-
citance, electronic or photomultiplier noises do not
give any significant contribution to its performance .
From 277 eV till 25 keV there is no nonlinearity of
practical importance; and no peak shift was detected
till about 105 counts perseconds).

For the particular counters used the photomultiplier
contribution to the resolution is important, slightly
larger than that arising from the intrinsic parameters,
the Fano factor and the energy per ion pair. Then, to
improve the energy resolution, a good light-collection
system together with an efficient wavelength shifter
should be used. In this work relative efficiencies of
several wavelength shifters for a XePS counter are
reported. The measurements were made using the
counter in fig. 1 of ref. 3 with the following modifi-
cations: the upper quartz window was replaced by a
stainless-steel cover; the reflector was taken out ; the
inside face of the lowerquartz window was covered by
a thin stainless-steel plate with a centralcircular aper-
ture where a thin (2mm) quartz disc of 29mm diam-
eter couldbe placed ; thelight coming out throughthis
quartz disc was viewed by an EMI 9656QR photo-
multiplier . This arrangement is made in orderto avoid

reflections of the ultraviolet light emitted by the gas .
Thewavelength shifter was deposited on the inside face
of the thin quartz disc and its thickness determined by
weighing.
The wavelength shifters used were: p-quaterphenyl

"purissimum grade" supplied by Fluka A.G ., p-aua-
terphenyl "scintillation grade" and p-terphenyl "scin-
tillation grade" supplied by Nuclear Enterprises Inc.,
and sodium salicylate from B.D.H . This last one was
sprayed from a methyl alcohol solution') ; all the other
wavelength shifters were deposited by vacuum evapo-
ration .
The counterwasbombardedwith X-rays,from aSsFe

source throughan aluminized mylarwindow of - mm
diameter, and, for each thickness t of a particular
wavelength shifter, the pulses were analysed with a
multichannel analyser and the mean amplitude h was
determined as a function of the anode voltage V.
For a certain wavelength shifter, the thickness for

which thelightoutput is maximum, tx,, wasfound to be
the same forany value of the anodevoltage within the
range 2000-5000V. It was also verified that, in the
same voltagerange, for each valueof t, h(t, V)lh(t,,,V)
is constant with an uncertainty of about 2% ; and for
V42000 V definite and systematic deviations were
observed. This effect may be due to an approximately
constant spectral distribution of the emitted light for
thelarger values ofthe anodevoltage .Thepresentation
of the data is thus much simplified for any Vbetween
2000 and5000 V, theuseful range ofthe XePS counter .
Fig. 1 shows h(t,V) for the several wavelength,

shifters used, normalized for the light output of tht
most efficient wavelength shifter, the p-terphenyl, at
its optimum thickness of about 2500 pg/cmz .
The higher lightoutput of the p-terphenyl relatNeto

the other wavelength shifters is a useful result : similar
detectors (see fig. 1 of ref. 3) onewith p-terphenyl and
no MgO reflector, and the other with p-quaterphenyl
and with the troublesome MgO reflector, gave about
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the same lightoutput . Undercontinuous purification'),
the stability of the p-terphenyi wavelength shifter was
checked during one week, no variation of pulse height
beingobserved.
A useful feature of the p-terphc 1yl and of the-

sodium salicylate is that they have approximately a
maximum efficiency over a wide range of thicknesses,
and therefore layers that may have non-uniformthick-
ness will be optically uniform.

It is very difficult to compare our resultswith pre-
vious data: for low electric fields, a variation of the
spectral distribution was indirectly detected (see fig. 2
of ref. 7). Then most of theprevious determinations of
wavelength-shifters efficiencies that were obtained for
primary scintillation are not directly comparable with
ourdata.Nevertheless the main features of our results
are in general agreement with data available from
previous works with wavelength shifters: For p-quater-
phenyl tM is dependent on the purity of the product
(see fig. 1) but it seems to be higher than the reported
optimum thicknesses of 50-100 pg/cml e- 9).
Thevalues of tM and relative efficiencies ; for sodium

salicylate and p-terphenyl' are in agreement with the
data ofMai and Drouin'0):

Promising wavelength shifters could be tetraphenyl-
butadiene and diphenylstilbene'0.' 2),and in order to
prevent contamination of thegas amagnesium-fluoride
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Fig. 1. Relative light output vs wavelength-shifter thickness.

coating could be kpp1ied").
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